Objective: To evaluate the feasibility of a novel technique for achieving distal SB access and improve strut apposition during provisional stenting.
Several randomized control trials have reported that a systematic 2-stent strategy has no advantage over provisional stenting in terms of major adverse cardiovascular events (MACE). [3] [4] [5] Therefore, the European Bifurcation Club recommends provisional stenting as the preferred technique for managing the majority of bifurcation lesions. However, side branch (SB) ostial compromise caused by carina or plaque shift is still an important concern in provisional stenting, 6, 7 with a registry study reporting that SB occlusion occurred in 187 of 2227 lesions, and was associated with adverse clinical outcomes on follow-up. 8 Additionally, a high degree (≥50%) of postprocedural SB stenosis was shown to be associated with inducible myocardial ischemia. 9 Therefore, final kissing balloon inflation is However, SB balloon inflation causes MV stent distortion, which may not be fully corrected by final kissing balloon inflation. 10 It was reported that distal recrossing of the guidewire allows better ostial SB stent coverage and apposition, whereas proximal recrossing resulted in lower stent coverage and strut overhang into the MV. [11] [12] [13] However, distal recrossing can be challenging. 11, 13 Our aim was to evaluate whether a novel wiring technique could be applied in provisional stenting of bifurcation lesions to achieve distal SB access and improved strut apposition. 
| Swine model
Before attempting to perform JET in human patients, we assessed the feasibility of the approach using a swine model. The experimental protocol was approved by the Ethics Committee of Xinqiao Hospital, Third Military Medical University, China. The animals were kept in clean pens with sufficient room, and handled by qualified individuals.
All procedures were supervised by veterinarians. The animal experiments described in the manuscript conform to the "Position of the American Heart Association on Research Animal Use" (adopted by the American Heart Association on November 11, 1984) .
FIGURE 1
Procedure of the JET technique. Both MV and SB are wired and the MV stent is advanced on the MV wire. Then the SB wire (yellow arrow) is passed through a slightly protruding crown of a proximal stent strut in a backward fashion outside the guiding catheter (from the stiff distal end of the wire backwards), and inserted between the stent and balloon (A). The insert point on the MV stent depends on the relationship of the lesion with the ostium of the SB. After fixing the MV and SB wires, the stent is advanced to the lesion (B). Advancing the stent to the lesion pushes the SB wire (yellow arrow) against the distal carina (C). The MV stent balloon is then inflated (D) without jailing the SB wire (yellow arrow) between the stent and the MV wall. If needed, this enables the advancement of a SB balloon without the need for rewiring (E). Finally, kissing inflation is performed (F), and the stent struts (white arrow) are expanded against the proximal SB ostium (G (http://www.slicer.org) to obtain both the lumen and stent geometry.
For endoscope evaluation, the target bifurcation was washed three times with saline. A 27001L ureteroscope (KARL STORZ GmbH & Co.
KG, Tuttlingen, Germany) was inserted into the MV to obtain the images.
| Stent securement testing
The securement of the stent was assessed by measuring the dislodgement force, that is, the force necessary to dislodge the crimped stent from its proper position in the delivery system. 14 To estimate the influence of JET on the stent dislodgement force, the following protocol was followed: the experimental stents (escaping group, n = 3) were wrapped in tinfoil; the ends of the balloon catheters were fixed onto the segments of a tensile testing machine (Shenli testing machine CO., LTD, Shanghai, China); the stents and the ends of the balloon catheters were pulled apart at a rate of 12.7 mm/min until complete separation; the first peak values were recorded as the dislodgement force that overcomes stent adherence to the delivery system.
| Scanning electron microscopy (SEM)
The experimental stents were mounted on aluminum specimen support stubs and sputter-coated with platinum plus palladium in a Hitachi E-102 sputter device (Hitachi, Chiyoda, Tokyo, Japan), and examined using an S-3400N II SEM device (Hitachi) at 32-fold magnification. The escaping stent crown was further examined at 42-fold magnification. Procedural success was defined as successful SB wire insertion with subsequent MV stent implantation, and successful kissing balloon inflation if clinically indicated (in cases of SB compromise). MACE were assessed as a composite of death, non-fatal myocardial infarction, and ischemia-driven target lesion revascularization (TLR). TLR was defined as repeat percutaneous intervention or surgical bypass with at least 50% stenosis within the stent, or within the 5-mm proximal or distal segments adjacent to the stent, driven by angina symptoms or evidence of ischemia on non-invasive testing. Stent thrombosis was defined as "definite" or "probable," according to the guidelines set by the Academic Research Consortium. 16 3 | RESULTS
| Human patients

| Phantom model
First, the SB wire (red arrow, Figure 2A ) was passed through the protruding crown, and inserted between the MV stent and the balloon.
The MV stent was then advanced toward the bifurcation, which pushed the SB wire (red arrow) distally to the carina ( Figure 2B ).
Passing the wire into the MV stent before implantation avoided jailing the SB wire after inflation (red arrow, Figure 2C ). Thus, in case access to the SB was needed following MV stent implantation, the SB balloon could be advanced directly, without rewiring, and ensured optimal SB geometry reconstruction ( Figure 2D ). Furthermore, kissing inflation pushed the stent struts against the proximal SB ostium (double red head arrow), and completely eliminated the possibility of strut malapposition around the carina (yellow arrow, Figure 2E ).
| Animal experiments revealed correct strut apposition
After wiring both LAD and 2nd Diagonal ( Figure 3A , red arrow), JET was performed as described in the Methods section and XIAO ET AL.
| 529 Figure 1 . The MV stent was advanced as far as the SB wire allowed, and the stent balloon was inflated ( Figure 3B ). Micro-CT ( Figures 3C and 3D ) and endoscopy ( Figure 3E ) showed that the SB wire (red arrow, Figure 3C -E) was located distally to the ostium, and no stent struts appeared in front of the carina (yellow box, Figures 3D and 3E ). After final kissing inflation ( Figure 3F ), the MV stent strut was expanded toward the proximal ostium (yellow arrow, Figure 3G -I). Micro-CT and endoscopy showed no stent struts in front of the carina (yellow box, Figures 3H and 3I ).
| JET did not affect stent securement
No obvious stent distortions were observed in the JET stents other than with respect to the slightly protruding strut crown at the wire insertion point (red arrow, Figure 4A -D). JET showed larger stent 
| First in man trial of JET
A total of 32 patients with Medina type 1.1.1 coronary bifurcation lesions were enrolled in the study. Clinical and angiographic characteristics at baseline are shown in Table 1 .
JET was performed successfully in 30 of 32 patients, with kissing balloon in 9 cases due to ostial SB compromise. JET failed in 2 patients because of misalignment between the SB wire insertion point into the MV stent-balloon system and the SB ostium. No MACE were recorded after a mean follow-up of 6 months. 
| DISCUSSION
The main findings of this study are that: (i) the JET is feasible; (ii) enables optimal (ie, most distal) SB access; and (iii) eliminates strut malapposition at the carina if kissing balloon inflation is needed.
| Reliable distal SB access by angiographic guidance
Although it is recommended that SB rewiring might be facilitated by proximal optimization technique (POT) and pullback rewiring, this is often technically challenging. 13 This is due to the fact that previous models represented an ideal, disease-free coronary bifurcation anatomy for distally rewiring in vitro. However, it is difficult to accurately position the balloon in cases with severe ostial SB stenosis. Therefore, high pressure or over-sized POT dilation may worsen SB compromise. 17 Furthermore, when an angiographically significant (>75% DS or TIMI flow <3) ostial SB lesion remains after POT, it is very hard to determine the distal cell location and rewire relying solely on angiographic guidance. Additionally, Eduardo et al. showed that POT and pullback rewiring strategy was not effective in all cases, and lead to a result only slightly better than random crossing. 18 Finally, the carina, plaque shift, and presence of stent struts at the ostium after the MV stent deployment may obstruct the distal cell, and cause rewiring to fail.
With JET, the MV stent pushes the SB wire to the most distal part of the carina, and SB access is easily achieved. Furthermore, the absence of jailing of the SB wire by the MV stent allows for a SB balloon to advance directly, without rewiring.
| No unopposed metal struts at the carina after kissing balloon
It is well known that neointimal coverage is delayed in cases of incomplete stent apposition (ISA) and is a risk factor for late stent thrombosis (LST). 19 However, a large degree (42.9%) of malapposition has been reported after kissing balloon inflation in provisional cases. 20 Foin et al. reported that complete strut apposition (0% malapposition) of the SB was practically never achieved, not even for in vitro models using conventional stents and procedures. 11 Mid-to-distal cell rewiring and inflation may likely still leave some struts above the carina. In another study, in spite of the consistent achievement of most distal cell crossing controlled with OCT, 9.5% of the struts remained malapposed, especially in the quadrants towards the SB ostium. 19 These results may be due to the struts in front of the SB after MV stent random deployment, which leads for example to multiple residual parallel arrangement cells or unfavorable alignment of the cells, forcing a non-central crossing of the wire. Using the XIENCE stent system, we found that JET offered reliable SB strut apposition, as determined from optical microscopy, endoscopy and micro CT.
| Comparison with dedicated bifurcation stents
Dedicated bifurcation stents may offer some solutions when compared to conventional stents in order to limit the metallic burden at the bifurcation, particularly for the most complex bifurcation techniques. 21 However, none of the currently available dedicated stent systems are able to match the excellent results offered by the provisional stenting strategy using current generation workhorse drugeluting stents. The Sidekick™ (Y-Med, San Diego, CA) is a similar designed dedicated bifurcation stent, which integrates a MB wire platform with a rapid exchange SB guidewire to preserve SB access.
However, this stent system aimed to avoid SB rewiring after stent implantation, and not to achieve reliable and sufficient distal SB access, which remains a leading technical challenge for provisional stenting. Values given as mean ± standard deviation,or as total number(%).
in themselves). Mother-and-daughter catheters such as Guideliner (Vascular Solutions, Minneapolis, MN) represent a useful tool for delivering stents past multiple extreme angulations, 22 and their potential role in JET needs to be further assessed.
A third challenge of JET is represented by the misalignment of the MV stent-SB wire complex with the SB ostium. JET, similar to other dedicated bifurcation stents, requires proper axial and rotational placement in front of the SB ostium. In fact, MV stent should be pushed firmly to achieve adequate axial placement within the bifurcation, which will keep the SB wire sufficiently close to the carina after deployment. Moreover, spontaneous rotation of the SDS toward the SB ostium might be challenging in some instances (especially in tight and tortuous lesions). In these situations, applying adequate pre-dilation, using a shorter stent, rotating the SDS hub and/or Guideliner may be helpful to align the device, although this hypothesis needs to be tested. If realignment fails, the procedure can be immediately converted to the traditional jailed-wire technique by directly releasing the MV stent, while removing the SB wire.
| Study limitations
This study presents several limitations. First, only a single bifurcation type and stent model were used. Therefore, the influence of different bifurcation geometries and stent designs on JET will require similar, dedicated bench, and animal testing. Second, our sample size is small, and the available evidence therefore derives from relatively selected lesions and patients. Third, our study is of observational nature, with all the bias typically ascribed to this kind of design. However, we hope that this preliminary report will allow performing a randomized controlled certain countries (such as the US) is the medico-legal and regulatory issues related to the "off-label" manipulation of the stent and its delivery system. Using JET in such countries might therefore require dedicated prospective studies (with institutional review board approval, informed consent, etc.). Still, the application of JET might present significant medico-legal risks in such environments.
| CONCLUSIONS
In conclusion, this novel wiring technique was shown to be feasible, enable distal SB access, and eliminates strut malapposition at the carina. A larger and more diversified study population is warranted to better define the relative merits of JET.
